INTRODUCTION
attention must be given to tannin's activity when they are used instead of commercial feed in livestock production. Many investigations into beneficial and problematic effects of tannin on ruminant nutrition have been reported (Waghorn, 2008) . Ingestion of moderate level of tannin increase the absorption of amino acids from small intestine, improve animal performance and so on (Waghorn, 2008; Pathak et al., 2013; Hymes-Fecht et al., 2013) . On the other hand, animals fed tannin-rich diets showed decreased feed intake, increased fecal N excretion, reduced digestibility, and less ruminal degradability (Waghorn, 2008; Tan et al., 2011; Kozloski et al., 2012) . Effects of tannin on feed degradability have been studied in several ways, e.g., in sacco and in vitro. For these methods, polyethylene glycol (PEG) has been used as a tannin binding agent in a bioassay system that shows the effects of tannin on nutrient degradability in the digestive tract, especially in the rumen (Rubanza et al., 2003; Bhatta et al., 2012) .
This study examines the fermentation characteristics and changes in phenolics and tannin contents of green tea and black tea by-products ensiled at different temperatures. PEG is also used in this study to bind tannins in order to examine the effects of ensiling on in vitro ruminal fermentation responses to tannins.
MATERIALS AND METHODS

Silage preparation
Green and black tea by-products were acquired from a local ready-made tea drink factory, and moved to Nagoya University Farm in a few hours. Approximately 700 g of tea by-products were packed into polyethylene bags (255 mm×350 mm×0.08 mm) and tying with string after removing air to close the upside of each bag. Bags were stored at three different temperatures, 10°C, 20°C, and 30°C in climate chambers, and opened 5, 10 and 45 days after ensiling. Silages were made in triplicates for each temperature and ensiling period.
In vitro ruminal gas production and ammonia production
The samples of tea by-products before ensiling and their silages on day 45 were incubated in vitro with rumen fluid in calibrated glass syringes (Menke and Steingass, 1988) . Each sample was freeze-dried and ground to pass through 1mm screen. Rumen fluid was obtained before morning feeding from three castrated Japanese Shiba goats fed on 720 g hay and 180 g commercial concentrates that were offered in equal proportions twice a day. Prepared buffer solution and ruminal fluid were mixed at a ratio of 2:1. The 100 mL calibrated glass syringes containing 500 mg of samples with or without 1,000 mg of PEG (MW:6,000) and 40 mL of buffered rumen fluid were incubated in a water bath at 39°C in triplicates (Getachew et al., 2000) . Gas production was measured at 3, 6, 9, 12 and 24 hours, and at the end of the incubation, the fermentation fluid was collected from the syringes. After centrifugation (1,090×g), the supernatant was collected and frozen at -30°C until ammonia nitrogen (NH 3 -N) analysis.
Chemical and microbial analyses
Dry matter (DM) was determined by oven drying at 60°C for 48 h. Twenty g of tea by-products and their silages were macerated with 100 mL of distilled water. The macerate was filtered, and the filtrate was subjected to determination of pH, lactic acid, acetic acid, propionic acid, butyric acid, and NH 3 -N. The pH values and lactic acid concentrations were measured potentiometrically and colorimetrically, respectively (Barnett, 1951) . Concentrations of acetic acid, propionic acid, and butyric acid were detected with a gas chromatograph using a FAL-M column (Shimadzu Co., Kyoto, Japan). NH 3 -N of silage was determined by steam distillation. Silages were weighed before and after ensiling, and the DM loss was calculated. Viable counts of lactic acid bacteria (LAB) associated with original tea by-products and the silages were measured using de Man, Rogosa, Sharpe (MRS) agar plate. The counts were expressed as colony forming unit (cfu) on a fresh matter (FM) base. Samples were freeze-dried and ground to pass through 1 mm screen for the following analysis. Buffering capacity of materials was measured by titration using the dried sample (Playne and McDonald, 1966) . Total nitrogen (N) content was determined by the Kjeldahl method and CP content was calculated as 6.25×N. Neutral detergent fiber (NDF), acid detergent fiber (ADF) and acid detergent lignin (ADL) were analyzed as outlined by Van Soest et al. (1991) . Cellulose and hemicellulose were calculated by subtracting ADL from ADF and ADF from NDF, respectively. Neutral detergent insoluble CP (NDICP) and acid detergent insoluble CP (ADICP) were determined by the method of Licitra et al. (1996) . Watersoluble carbohydrate (WSC) concentrations were determined using the anthrone reaction rate assay (Koehler, 1952) . Total extractable phenols (TEPH), total extractable tannins (TET), and condensed tannins (CT) of freeze-dried samples were analyzed by the methods of Makkar and Goodchild (1996) . For in vitro gas production test, NH 3 -N in the culture was determined using the indophenol reaction (Weatherburn, 1967) .
Statistical analyses
Fermentation characteristics and chemical composition of silages on day 45 were analyzed by a one-way analysis of variance (ANOVA) and further tested using tukey's test to compare among various treatment means. Data of in vitro ruminal gas production and NH 3 -N concentration from materials and silages on day 45 were analyzed by ANOVA, taking into account different batch of rumen fluid for each incubation run, and tested using tukey's test as above. Effect of PEG on gas production and NH 3 -N concentration of incubated medium was analyzed by Student's t-test. All analyses were performed by SAS software version 9.3. (SAS Institute Inc., Cary, NC, USA).
RESULTS AND DISCUSSION
Chemical composition of tea by-products
Both tea by-products contained low DM, WSC, and buffering capacity ( Table 1 ). The numbers of LABassociated with both kinds of tea by-products were high (about 10 6 cfu/g FM) as compared with forage (McDonald et al., 1991) . CP contents in both tea by-products were close to 300 g/kg DM that were in consistent with Wang et al. (2011) . As CP fractions, slowly-and less-degradable protein in black tea by-product was assumed to be higher than in green tea by-product according to NDICP and ADICP contents, respectively (Licitra et al., 1996) . Black tea byproduct had higher NDF content, which may be affected by the high NDICP content. The ADF and ADL were similar between two kinds of tea by-products. Phenolic compounds were comparable in both tea by-products and these levels were moderate as compared with some tropical browse species (Osuga et al., 2005) .
Fermentation characteristics of tea by-products ensiled at different temperatures
The GTS and BTS stored at 10°C showed small changes in pH, NH 3 -N and acid production for ensiling periods (Figures 1 and 2) . At low temperatures, such as those of winter season, tea by-product silage produced only a small amount of acid with high pH, but the condition could be stabilized if the by-products were packed without air. The GTS stored at 20°C and 30°C showed a rapid decrease of pH around 5 days after ensiling. Subsequently, the pH was maintained below 4.2 during ensiling. On the other hand, the BTS stored at 30°C exhibited the lowest pH (4.28), followed by 20°C (4.48) and 10°C (5.26) (p<0.05). A rapid pH decrease was apparent in the silage stored at 30°C until day 5 and gradual decrease at 20°C through ensiling period. Specific characteristics of tea by-product silages were the organic acid contents. Both GTS and BTS stored at 20°C and 30°C contained acetic acid mainly, resulting in a pH decrease. Acetic and propionic acid in GTS were produced mainly at early stages of ensiling, but they increased gradually in BTS stored at 20°C and 30°C through ensiling periods. In contrast to acetic acid, lactic acid was low in GTS and negligible in BTS. On day 45, the lactic acid content of GTS was the highest in stored at 20°C (9.3 g/kg DM), followed by at 30°C and 10°C (<3.8 g/kg DM). Lactic acid in BTS was not detected during 10 days at any temperature; it was present in small quantities on day 45 (0.2 g/kg DM). Counts of LAB in both silages increased during 5 days of ensiling and they maintained above 10 6 cfu/g FM at all temperatures. However, these high LAB counts did not effect on lactic acid concentration in GTS and BTS. The pH decrease was almost parallel with the increase of acetic acid. Although acidification by acetic acid is less prevalent than that by lactic acid, GTS and BTS showed low pH, which could be due to the low buffering capacity of the materials compared with forage (200 to 600 meq/kg DM) (McDonald et al., 1991) . Butyric acid was not detected in either GTS or BTS at 10°C and was low at 20°C and 30°C (<5 g/kg DM). The sum of lactic acid, acetic acid, propionic acid and butyric acid was high in GTS stored at both 20°C and 30°C (approximately 50 g/kg DM), but it was high only at 30°C in BTS. According to the rate of pH decrease and acid accumulation, green tea by-product can be more fermentable than black tea by-product by ensiling. GTS was preserved well with low pH, but effluent was also found at the bottom of bags when stored at 30°C for 45 days. Therefore, it is expected that lowering moisture contents through addition of high DM materials such as wheat bran and dried beet pulp might be more effective for preservation.
The NH 3 -N content was largely unchanged during ensiling and was low (<5 g/kg N) indicating that proteolysis in tea by-product occurred only slightly during ensiling. In general, low pH suppresses the growth of proteolytic bacteria, such as clostridia, thereby engendering low NH 3 -N contents. In tea by-product silage, it was also presumed that phenolic compounds in tea by-products suppressed clostridial fermentation, which is supported by Ishihara et al. (2001) who reported that tea polyphenols numerically decreased clostridia in bovine intestines. Low NH 3 -N contents in GTS and BTS might also be attributable to heatdamaged protein when processing tea leaves after harvesting (Graham, 1992) . Another mechanism of the low proteolysis might be occurred by the presence of tanninprotein complexes in GTS and BTS. It had been reported that tannins are interacted with plant leaf protein and make insoluble complexes under pH 3.5 to 5.5 (Perez-Maldonado et al., 1995) . The pH of GTS and BTS on 45 days after ensiling ranged from 4.1 to 5.3 in the present study that indicated some parts of proteins in GTS and BTS made complexes with tannins. It can also be estimated that these complexes cannot be degraded during ensiling since Albrecht and Muck (1991) reported that a negative correlation between tannin contents and non-protein N concentrations in legume silage. Salawu et al. (1999) also demonstrated that the contents of soluble proteins in grass silage decreased through addition of tannin powder. According to these reports, GTS and BTS could be expected to have several factors including tannins and form of proteins that prevent from proteolysis during ensiling. The DM loss of GTS stored at 30°C was highest, followed by 20°C and 10°C (p<0.05). The loss of GTS occurred mainly during 5 days after ensiling; after 10 days, a greater DM loss was apparent at 20°C and 30°C, but stable at 10°C. On the other hand, the DM loss of BTS occurred mainly 10 days after ensiling. These results also supported the difference of fermentation status between GTS and BTS, as discussed above. 
Chemical composition of tea by-products ensiled at different temperatures
Proteins, fibers and phenolic compounds of GTS and BTS are presented in Table 2 and Figure 3 . Protein fractions and fiber content were significantly affected by ensiling temperature (p<0.05). Ensiling temperatures did not affect TEPH and TET contents on day 45 in either GTS or BTS, but temperature did affect the CT contents. In GTS, CT content at 20°C and 30°C was significantly lower than at 10°C (p<0.05). The CT contents in GTS stored at 20°C and 30°C decreased at early stages of ensiling, but increased at 10°C (Figure 3) . Our previous reports also showed that CT contents in mixed silage including green tea by-product stored at 30°C was lower than at 15°C (Kondo et al., 2006 ). These results demonstrate that CT in green tea by-product might be degraded in higher temperatures. Although statistical differences were apparent for CT contents in BTS, the contents were not changed greatly by ensiling temperature. Ott et al. (2005) reported that TEPH, TET, and CT in tannin-containing sorghum grain decreased during ensiling. Osawa et al. (2000) identified lactobacilli producing tannin-degrading enzyme from fermented foods. Therefore, it would be possible to cleave the molecular bond in phenolics during ensiling. On the other hand, some reports have shown the increase of TEPH content during fermentation process, as shown in pearl millet and oat (Khetarpaul and Chauhan, 1991; Kondo et al., 2004b) . Nishino et al. (2007) reported that the changes of major polyphneol molecules in green tea leaf during ensiling and showed that TEPH content slightly increased, while the content of ()-epicatechin gallate (ECG) and ()- epigallocatechin gallate (EGCG) decreased, but that of ()-epigallocatechin did not change. Their report implied that gallic acid of B-ring in ECG and EGCG can be liberated. The Folin-Ciocalteu methods to determine TEPH and TET contents are based on the reducing power of hydroxyl function of phenolics to molybdic acid. Therefore, the reaction to Folin solutions would not correspond directly to the amounts of phenolic compounds. It is possible that the reducing power was increased by cleavage of small amount of high molecular phenolic compounds to large amounts of low molecular phenolics. These differences among the studies of tannin contents during ensiling are attributable to various structures of phenolic compounds in plants.
In vitro ruminal fermentation Both gas production and ruminal NH 3 -N concentration were higher in GTS than those in BTS, indicating the higher nutritive potential of GTS as compared to BTS. Higher ensiling temperatures showed significantly lower gas production (p<0.05, Table 3 ), which would result from the fact that the loss of fermentable carbohydrates during ensiling was higher at 20°C and 30°C than at 10°C. In vitro gas production test with PEG on tannin-rich forage has been a valuable tool to assess effects of tannin on feed degradation in the rumen (Makkar et al., 1995; Getachew et al., 2000) . Many researches showed that PEG addition increased in vitro gas production from most of tannin rich feeds (Getachew et al., 2000; Rubanza et al., 2003; Osuga et al., 2007) . In the present study, despite the presence of tannins in GTS, gas production was not altered by PEG addition, accorded with some browse reported in Singh et al. (2005) and Osuga et al. (2007) . Although it can be expected to have an increase in substrate degradability if tannins activity is reduced by PEG addition, a simultaneous large increase in gas production could simply a result in lower partitioning of nutrients to microbial protein synthesis (Singh et al., 2005) . Gas production is a result of feed fermentation in rumen. Proportion of fermentation products depends on feed, especially CP and carbohydrates. But most of CP is degraded to amino acids and NH 3 , and give less gas. GTS could contain more degradable protein than BTS as expected from lower NDICP content in GTS. Small response of gas production to PEG addition from GTS implies that higher partitioning of fermentable nutrients in GTS to microbial protein synthesis. It can be also inferred that less contribution to gas production from fermentable carbohydrate in GTS due to supplemental tannin binding agents. On the contrary, the amount of gas produced from BTS was increased by PEG addition. The ratio of increase in BTS was unaffected by the ensiling temperature, which means that the ensiling temperature did not influence the extent of suppressive effect of BTS tannin on the ruminal gas production. The NH 3 -N concentration was increased by PEG addition from both GTS and BTS. These results were similar to those reported using tannin-containing tropical browse (Getachew et al., 2000) . Tannins depress ruminal degradation of proteins due to strongly binding with proteins in feed and/or microbial enzymes in rumen (Makkar et al., 1995) . Among the tannin-protein complex, several interaction types such as hydrogen bonding, hydrophobic bonding can take place in principle (Oh et al., 1980) . The PEG contains more effective cites (oxygen of ether linkage) which bind with hydroxyl group of tannins (Jones, 1965) . The PEG as a tannin-binding agent has a high affinity to tannins and deactivate tannin's binding activity to proteins, and can be expected that PEG makes tannin-bound protein available to microbial degradation (Makkar et al., 1995) . The response of improved NH 3 -N concentration resulting from PEG treatment mainly reflects deactivation of tannin. In the present study, despite similarity in the amounts of tannins in GTS and BTS, relatively lower increase ratio in NH 3 -N by PEG existed in GTS (38% to 44%) than in BTS (52% to 82%). This indicated that tannins in GTS had a lower anti-nutritional activity than that in BTS when ensiled any temperature, and protein in GTS was relatively degradable than that in BTS.
CONCLUSION
Ensiling did not affect TEPH and TET contents in either GTS or BTS. The CT contents in GTS could be partly lowered during ensiling at high temperature, but the storage temperature did not affect the suppressive activity of tannins in tea by-products based on in vitro ruminal fermentation test. Lower responses to PEG on gas production and NH 3 -N concentration from GTS than BTS at any ensiled temperature indicated that tannins in GTS could suppress rumen fermentation more weakly than that in BTS. Further studies are recommended for assessment of the nutritional value of GTS and BTS as protein supplements, compared with commercial protein-rich feedstuffs by in vitro and in vivo digestibility trials.
